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ABSTRACT

Electrodeposition of zinc on slowly rotating disc electrodes was con-
ducted. The half wave potential (E%) on the current-potential curve was con-
firmed to be the critical value for change from mossy deposition to dendritic.
The radius of the dendrites was measured as a function of overpotential and

found to change radically around E:.
2

Absorption isotherms of zincate in five separators were measured. The
distribution coefficient of zincate between electrolyte and separator was

measured and found to be less than one. Its value varied over a factor of

five for different separators.
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INTRODUCTION

This project is a continuation of Contract #NASS3873, Investigation
and Improvement of Zinc Electrodes for Electrochemical Cells. The task
of this project is to discover the foundations for control of zinc pene-
tration through the separators.

In the previous work we established that the phenomenon of zinc pene-
tration through the separators occurs by plating of zinc inside the
separator, and not through mechanical puncture of the separator. It was
found that four essentially different types of deposits can be distin-
guished: 1) smooth deposits, - obtained only with rotating disc elec-
trodes at high Reynolds numbers, low overpotentials, and high concentra-
tions of zincate; 2) moss, a soft, weak deposit of low density composed
of whiskers; 3) dendriteslwhich are hexagonal, elongated and branched
crystals, The diameters of the dendrites and the density of the deposit
are higher than those of whiskers; and 4) heavy sponge - a network of
dendrites which is porous, rather dense and hard, with rounded edges.

In cycled cells zinc deposits of types 2 and 4 are the most frequently
encountered. It was found, furthermore, that on rotating (8.8 RPS) elec-
trodes, plating of the mossy deposit takes place at overpotentials in the
range of O to -150 mv whereas deposition of dendritic deposits takes
place at more negative overpotentials, The half wave potential, there-
fore, is a critical potential, around which the change from one type of
deposit to another type of deposit occurs.

During the previous study, absorption isotherms of zincate in
separators were prepared, from which it was found that the distribution

coefficient of zincate in a variety of membranes is smaller than 1. This



means that conditions for plating inside of the separator are less favorable
than outside of the separator. During the present report period, an effort
was made to confirm the hypothesis about two different types of deposits
formed on the two sides of the half wave potential, and more analytical
work has been done on absorption isotherms of zincate in separators. The
separators investigated were: Du Pont PUDO-300, Silver treated PUDO-~300
(Yardney Electric Corporation ¢-19), Mono-Sol unplasticized polyvinylalcohol

(Polyfilm Corp. NYC), C-3 and 9107/5 (Borden Chemical Co.).




Half Wave Potential of Zincate as a Critical
Parameter in Zinc Plating

It was previously established by us (1) that during plating of zinc on
rotating electrodes from zincate solutions a distinet diffusion-limited
current exists on voltamperometric curves. Similar diffusion-limited cur-
rent can be found when plating current is taken from a series of experi-
ments and plotted versus overpotential, It was found, further, that at
potentials more positive (less than -150 mv) than the half wave potential
(E%) of current vs. potential, a mossy defosit of zine forms, while at
more negative overpotentials, the deposit is dendritic.

The above mentioned experiments suggested that mossy deposits form
when deposition is activation controlled while dendritic deposits form in the
region of complete diffusion control. It is worth mention here that between
5x 10-3 molar zincate and 5 x lO-2 molar zincate, the limiting current in-
creases linearly with concentration. E% stays practically constant in the
entire above mentioned range of concentrations. For all concentrations
tested, the mossy deposit was found at potentials more positive than E%,
and dendritic at more negative potentials.

The above experiments were done at 8.8 RPS, but when the speed was in-
creased to 23 RPS, a virtually smooth deposit was obtained for all overpo-
tentials up to 250 mV.

The main criterion which distinguishes mossy whiskers from dendrites
is their diameter. An experiment was performed, therefore, to determine
the diameter of the whiskers or dendrites as a function of zinc overpoten-

tial, and to measure plating current at the same time.



2.1 Experimental

3.

A rotating disc cathode 1 cm, in diameter was mounted in the center of
a Pyrex cell (See Figure 1) which had an external counter electrode and a
zinc oxide reference electrode. The Wenking potentiostét maintained the
zinc cathode at a constant potential vs. the zinc reference electrode.
Zinc deposits were obtained at various overpotentials and removed from the
disc, and a mean thickness of 10 whiskers was measured microscopically.

The current was measured at the end of plating at approximately 190 coulombs.

2.2 Results

Most distinct differences between mossy and dendritic deposits
were obtained at low rotation speeds, for example, 1 RPS. The solu-
tion used was saturated zincate in 35% KOH. Figure 1A, Curve 1, shows
the dependence of current on overpotential, while Curve 2 shows the
diameters of whiskers and dendrites in the same deposit. The diameters
of the whiskers apparently are also dependent upon zinc overpotentialj;
up to approximately E%, the average diameter of the whiskers stayed
practically constant, while at a potential about 50 mV more negative
than E%, a sudden change from mossy to dendritic deposit occurred.
The change of diameter from 3.6 to 170 microns occurs in a very
narrow range of potential. When the change to dendritic deposit
occurs, there is no further increase in the diameter of the dendrites.
A change of density also occurs around E%. The density of the deposit
in this experiment changed from 0.1 to 0.25 g/cm>.

Absorption Isotherms of Zincate in Separators

Penetration of zinc through separators results from electrodeposition




of zinc in the separators. Electrodeposition of zinc is a function of con-

centration of zincate available for plating. Information about such concen-

trations in the separator at various concentrations of zincate in the elec-

trolyte surrounding the separator can be presented as an absorption iso-

therm.

In order to discuss absorption isotherms of zincate in separators in

quantitative terms, we shall utilize the following parameters:

C

Ca

-

Total analytical concentration of zincate in the membrane.

Part of analytical concentration of zincate bound by fibers
(e.g. adsorption on fibers). .

Part of analytical concentration of zincate present in inter-

fibrillar KOH solution (concentration of free zincate).

Concentration of zincate in outer solution.

Nernst distribution coefficient.

Total analytical coefficient of distribution of zincate between

outer solution and membrane.

Analytical coefficient of distribution of zincate between the

outer solution and free electrolyte in the interfibrillar space

of the membrane, Kp = Cf/Co°

Constants of Langmuir adsorption isotherm.

Activity of zincate in outer solution and in free electrolyte
in the separator, respectively.

Activity coefficients of zincate in outer solution and in free
electrolyte in the separator.

Constants

A', - A= ca/co



In such a case:
11. K =Ky (Kl +1)
and

12. € =C, Ky (Kl + 1)

The absorption isotherms obtained experimentally and described below do

not provide the means to separate Ky from KN. Therefore, we meésured K

only, understanding that analytically obtained partition coefficients

K are equal to the Nernst partition coefficients only when adsorption is

negligible.




the separators and surrounding zincate:

l. C=Ca+Cf

The following relationships describe the distribution of zincate between

’ def @ TeCr  gef
o, gt L | f£f de Tr (Nernst distribution law)
N a £oC —_—
0 o i
o
def Cgq + Cg f

. K = —_—_— = A+ = A + K )
] Co Ki N fe

L. log £y =a + bC 3 (Harned & Owen ( 2 ) )

5. log fp = a + bCf

7. K=A+Kgexp (b(Cy - Cp))

— = exp (b(Cy - C¢)); (from eq. 4 and eq. 5)

Function A is determined by the type of adsorption isotherm. For example,

if adsorption is of the Langmuir type:

8. ¢ KiCr
. C, =
1+ K Cp
and
S T+ KL, G, 1+ K Cp
K K
100 K=K (———r + 1) = K (0o
P l+K20f 1+K2Cf

1) exp (b(c, - Cp))

In the specific case when C depends on Co linearly, most probably we

have simultaneously, K20f<K.l and b<< 1.



3.1 Experimental

3.2

The following separators were tested for absorption of zinc oxide:
DuPont - 300 PUDO; YEC - Ag treated 300 PUDO (C-19); Borden Chemical Co.
C-3 and 9107/5; Polyfilm Corp. - polyvinyl alcohol ("™Mono-Sol", FVA).

The above separators were cut into pieces 3" x 3", weighed, soaked
for three days in 45% KOH containing zincate, dried by towelling, dis-
solved in 10 cc of 1l:1 HNO,, evaporated and dissolved in a solution con-

3

taining lN'NH3 and 1IN NHuCl (50 cc). The ammonia solution containing
zinc was then analyzed polarographically. Concurrently, certain samples

were analyzed by an alternative method which was as follows: the soaked

piece was weighed and burned in a crucible, and the residue was dissolved
in an ammonia buffer and analyzed polarographically with gelatin as

maxima suppressor. The increase in thickness of each sample also was

measured. Three samples were analyzed and measured in each experiment.

Results

Separators soaked in KOH solution swell and the quantity of KOH ab-
sorbed varies for various types of separators. The concentration of ab-
sorbed KOH does not differ much from the concentration of the surround-
ing KOH, but the concentration of zincate does change. The coefficient
K serves as a measure of the change. To calculate K, it was necessary
to measure the specific gravity of zincate solutiaons for the various con-
centrations. The results are given in Table I. The specific gravity of
zincate in 45% KOH varies from 1.4520 g/ce for pure KOH, to 1.5222 g/cc
for 1 M zincate.

Table II shows the absorption of zincate by cellophane 300 PUDO




soaked in zincate solution in 45% KOH. The 3" x 3" sample was analyzed by
the nitric acid method. In column 1, the concentration of zincate in
Moles/liter is given. Column 2 gives the thickness of the sample before
and after soaking. Column 3 gives the dimensions of the sample after
soaking. Column U4 gives the weight of the sample before and after soaking.
Column 5 gives the difference in weight of the sample before and after
soaking. Column 6 gives the absorption of zincate per sample. Column 7
gives the number of moles of zincate per kg. of dry sample before soaking.
Column 8 gives the number of moles of zincate per liter of dry separator.
Column 9 gives the quantity of absorbed zincate after soaking the sample
Quantity is given in Moles/kg of swelled sample. Column 10 gives the
quantity of absorbed zincate per liter of absorbed KOH solution after
soaking. The absorption isotherm of zincate in 300 PUDO cellophane is
plotted in Figures 2A and 2B. The dependence is almost linear in the
entire range of concentrations; the deviation from linearity does not
exceed 5%. In Figure 2A Moles of absorbed zincate per kilogram of dry
membrane are plotted versus concentration of external zincate. Figure 2B
shows concentration of absorbed zincate vs. concentration of external zincate
in the same units. From Figure 2B the coefficient K, equal to internal over
external zincate concentration, can be found. This proves to be 0,84, show-
ing that the internal concentration is lower than the externsal.

Table III provides data similar to those of Table II but for silver-
treated cellophane (Yardney Electric Corp., C-19). In Figure 3A the con-
tent of zincate in the separator, after sosking, is plotted versus its con-

centration in the surrounding zincate. Figure L4 expresses the same



experiment in terms of concentrations. The concentrations of zincate in

the C-19 are lower than in the cellophane. Because it seems that KN of

cellophane should not be affected by Ag precipitated on the fibers, it would
appear that the change in zincate content is due to a decrease of adsorba-

bility on fibers, due, in turn, to & decrease in the number of adsorption centers.

Table IV gives the absorption of zincate by PVA. A sample was analyzed
similarly to the previously described samples. The total Adsorption in PVA
is lower than in cellophane and C-19. See Figures 4A and LB. Table V and
Figures 5A and 5B report the data obtained by a modified analytical method
in which the sample was burned instead of being dissolved in HNO3. The
results obtained by both methods are practically identical.

Table VI represents absorption of zincate solution by C-3 (Borden Co.)
separators (3)" The content of zincate in this separator is lower than in
other separators studied. Figures 6A and 6B represent changes in content
and concentration of zincate. DPositive deviation from linearity suggests
that constant b cannot be neglected. The very low value of K suggests
that the contribution of adsorption (Ca/CO) is small so that K K. Data
on absorption on another Borden separator, No. 9107-5, are given in Table
VII and Figures TA and 7B. The constant K is much larger for this separator
(I = 0.28) but is lower than in the case of cellophane or PVA.

Table VIIT summarizes the results on the distribution coefficient K
for the various separators in 0.1 M zincate solution in 45% KOH. The coef-

ficient K characterizes the content of zincate in the membrane. Because

10




plating in the separator is a function of this content, we assume that

the value of K plays an important role in penetration. The coefficient

K is largest for cellophane and smallest for C-3 (Borden) separator. The
value of K, nevertheless, does not give the total picture because it is
necessary to know KN.and A as well as the diffusion coefficient to predict

properties of the separator with respect to zinc penetration.
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SUMMARY AND CONCIUSIONS

Concurrent study of plating current and whisker diameter as a function
of overpotential, confirmed quantitatively that the mossy deposit forms on
the rotating electrode at potentials more positive than the half wave po-
tential (E%) of zinrate and the dendritic at more negative potentials. At
potentials slightly more negative than E%_a sudden change of the whiskers'
diameter occurs (about 50 times).

The second part of our work was concerned with absorption of zincate
by various separators. Five separators were tested: cellophane PUDO (300),
silver treated PUDO (300) - C-19, Polyvinyl Alcohol separator (PVA), and
two Borden separators, C-3 and 9107/5. Separators soaked for three days
in h5% KOH containing various concentrations of zincate were analyzed for
content of zincate. The results of the analysis showed that the content
of zincate in the solution absorbed by the separators was lower than in the
solutions surrounding the separators. The distribution coefficient, based
on total analytical concentrations of zincate was uged as an indicator of
this effect. This distribution coefficient varied for various separators
but was always less than one. It was largest for cellophane PUDO (300) and
smallest for Borden's C-3 separator. The absorption isotherms plotted for
the five separators tested showed that dependence of inner concentration
on outer concentration of zincate is &lmost linear. In some cases & slight
positive deviation from linearity was found. The distribution coef-
ficients are important because plating of zinc in the separator is a func-
tion of local concentration of zincate. The results indicate at least one

of the reasons why conditions for electroplating inside of the separator

12




are less favorable than in the free electrolyte.
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SPECIFIC GRAVITY OF L45% KOH AS A FUNCTION OF ZINCATE CONTENT

AT 7T4°F
Zincate Concentration Specific Gravity
Moles/liter g/cc

0.0 1.4520
0.1 1.4550
0.2 1.4616
0.3 1.4666
0.4 1.h704
0.5 1.4801
0.6 1.4897
0.7 1.4953
0.8 1.4999
0.9 1.5138
1.0 1.5222
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TABLE VIII

ZINCATE DISTRIBUTION COEFFICIENT, K, FOR SEPARATORS SOQAKED
IN O0.1M ZINCATE SOLUTION IN 45% KOH

SEPARATOR his

Cellophane PUDO 0.8h
C-19 0.73
PVA 0.45
C-3 (Lot 545-130) 0.18
9107 (Lot 545-135) 0.28
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MOLS ZnO/KG OF DRY SAMPLE
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CONC. OF ZnO in 45% KOH MOL/LITER

FIG. 2A.300 PUDO CELLOPHANE; HNO3 METHOD
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MOLS ZnO/LITER OF ABSORBED ELECTROLYTE

Q9

i I

o5 1.0
CONC. OF ZnO in 45% KOH MOL/LITER

FIG. 2B 300 PUDO CELLOPHANE ; HNO3 METHCD
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MOLS ZnO/KG OF DRY SAMPLE
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FIG. 34 C-19 IN HNO3 METHOD
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